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1
TERMINAL FITTING

TECHNICAL FIELD

The present invention relates to a terminal fitting, and
particularly to a terminal fitting to which the conductor part
of an electric wire is ultrasonically welded.

BACKGROUND ART

Various electronic devices are loaded into a moving object
such as an automobile, in which a wire harness is wired to
supply electric power from a power supply such as a battery
to these electronic devices or transmit control signals from
a control unit. The wire harness includes a plurality of
electric wires and terminal fittings which are attached to
terminals of the electric wires.

Each of such kind of electric wires includes a core wire
which is formed by twisting a plurality of conductive
strands, and an insulative coating which coats the core wire.
The core wire, which is exposed by removing the coating at
a terminal of the electric wire, is welded to the terminal
fitting. The core wire and the terminal fitting are ultrasoni-
cally welded.

As shown in FIG. 6, a terminal fitting 50 includes a
welded part 55, to which an exposed core wire 53 is welded,
and a mounting part 59 which is provided with a circular
through hole 57 through which an electronic device or the
like is electrically connected. When ultrasonic welding is
performed, the exposed core wire 53 is placed between a
pair of side walls 61 which the welded part 55 of the terminal
fitting 50 is provided with, and a horn 63 is inserted between
the pair of side walls 61 from above the exposed core wire
53. By applying ultrasonic vibration to the core wire 53
while the horn 63 is pressed against the core wire 53, the
core wire 53 is ultrasonically welded to the welded part 55
(for example, refer to PTL 1.).

CITATION LIST
Patent Literature
PTL 1: JP-A-2003-338328
SUMMARY OF THE INVENTION
Technical Problem

When the horn ultrasonically vibrates in this way, vibra-
tion energy of the horn spreads from the welded part, and the
mounting part may resonate. Then, stress by the vibration is
concentrated on a predetermined position of the mounting
part, and a crack or a break may occur in the mounting part
when the stress exceeds the breaking point of the material.
When the vibration spreads in the mounting part, stress by
the resonance may often concentrate on a point where the
change in cross section area in a direction perpendicular to
the direction in which the vibration spreads is remarkable,
for example, a site, near the welded part, of the periphery of
the through hole (A part of FIG. 6).

The object of the invention is to prevent a crack or a break
of a mounting part when the conductor part of an electric
wire is ultrasonically welded to a terminal fitting.

Solution to Problems

In order to solve the above problem, a terminal fitting of
the present invention is a terminal fitting to which a con-
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ductor part of an electric wire, which is formed by insula-
tively coating a plurality of core wires, is electrically con-
nected by ultrasonically welding. The terminal fitting
includes welded part to which the conductor part of the
electric wire is ultrasonically welded, and a board-like
mounting part which is formed integrally with the welded
part in an axial direction and which a through hole penetrates
in a thickness direction. A contour, when viewed from the
penetration direction, of the through hole is formed of a large
radius circle, a small radius circle whose radius is smaller
than that of the large radius circle, and two tangent lines,
which respectively connect the two circles, and the small
radius circle is located closer to the welded part than the
large radius circle.

By forming an contour of the small radius circle whose
radius of curvature is smaller than that of the large radius
circle at the site, close to the welded part, of the through hole
in this way, the cross section area of the mounting part in a
direction perpendicular to the axial direction can be pre-
vented from suddenly decreasing along the direction in
which vibration spreads. Thereby, a crack or a break of the
mounting part can be prevented because the concentration of
stress by resonance on the part, near the welded part, of the
periphery of the through hole can be alleviated.

Also, in order to solve the above problem, a terminal
fitting of the present invention is a terminal fitting to which
a conductor part of an electric wire, which is formed by
insulatively coating a plurality of core wires, is electrically
connected by being ultrasonically welded. The terminal
fitting includes a welded part to which the conductor part of
the electric wire is ultrasonically welded, and a board-like
mounting part which is formed integrally with the welded
part in an axial direction and which a through hole penetrates
in a thickness direction. The mounting part has a straight part
whose two side surfaces in a widthwise direction perpen-
dicular to the axial direction are formed parallel to each
other, a contour, when viewed from the penetration direc-
tion, of the through hole is formed of a large radius circle,
a first small radius circle and a second small radius circle
whose radiuses are smaller than that of the large radius
circle, two tangent lines, which respectively connect the first
small radius circle and the large radius circle, and two
tangent lines which respectively connect the second small
radius circle and the large radius circle, the first small radius
circle is located closer to the welded part than the large
radius circle, the second small radius circle is located farther
from the welded part than the large radius circle, and the
large diameter circle and the first small radius circle are
formed in an area of the straight part in the axial direction.

By forming an contour of the second small radius circle
whose radius of curvature is smaller than that of the large
radius circle at the site, far from the welded part, of the
through hole in this way, the cross section area of the
mounting part in a direction perpendicular to the axial
direction can be prevented from suddenly increasing along
the direction in which vibration spreads. Thereby, a crack or
a break of the mounting part can be prevented in a wider
range because the concentration of stress by resonance on
the part, far from the welded part, of the periphery of the
through hole, besides the part, near the welded part, of the
periphery of the through hole, can be alleviated.

The present invention has been briefly described above.
Further, details of the present invention will become more
apparent after embodiments of the invention described
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below (hereinafter referred to as “embodiments™) are read
with reference to the accompanying figures.

BRIEF DESCRIPTION OF DRAWINGS

FIG. 1 is an appearance perspective view of a terminal
fitting according to one embodiment of the present invention
before the terminal fitting is ultrasonically welded.

FIG. 2 is an appearance perspective view of the terminal
fitting according to the embodiment of the present invention
after the terminal fitting is ultrasonically welded.

FIG. 3 is a top view which shows that a through hole of
the terminal fitting according to the embodiment of the
present invention is enlarged.

FIGS. 4A to 4C are figures which describes change of the
cross section area of a mounting part of the terminal fitting
according to the embodiment of the present invention, in
which FIG. 4A is a top view of the embodiment, FIG. 4B is
a schematic view which illustrates the shape of the through
hole of the embodiment as a change of the cross section area
of the mounting part in a direction perpendicular to the
central axis X, and FIG. 4C is a schematic view which
illustrates the shape of the traditional through hole shown in
FIG. 6 as a change of the cross section area of the mounting
part in a direction perpendicular to the central axis X.

FIGS. 5A to 5B are figures which describes change of the
cross section area of a mounting part of the terminal fitting
according to another embodiment of the present invention,
in which FIG. 5A is a top view of the embodiment, and FIG.
5B is a schematic view which illustrates the shape of a
through hole of the embodiment as a change of the cross
section area of the mounting part in a direction perpendicu-
lar to the central axis X.

FIG. 6 is an appearance perspective view of a traditional
terminal fitting before the terminal fitting is ultrasonically
welded.

DESCRIPTION OF EMBODIMENTS

Next, a terminal fitting according to one embodiment of
the present invention is described with reference to the
figures. In the present embodiment, ultrasonic welding is
performed on the terminal fitting according to the present
invention by using a well-known ultrasonic welding device.
Therefore, in the present embodiment, the constitution and
operation of the terminal fitting is described mainly, and the
constitution of the ultrasonic welding device is briefly
described. In the present embodiment, an example of using
a wire harness, which is loaded in an automobile as an
electric wire which is connected to the terminal fitting, is
described, but the kind of the electric wire is not limited to
this example.

As shown in FIG. 1, an electric wire 11 includes a core
wire 13 (conductor part) which includes a plurality of
conductive strands and an insulative coating 15. The core
wire 13 is formed of conductive metal such as copper or
copper alloy. The coating 15 is formed of insulative syn-
thetic resin or the like, and coats the core wire 13.

A terminal fitting 17 is formed by bending a metal board
which is punched into a predetermined shape. The terminal
fitting 17 is formed by connecting in the axial direction
(longitudinal direction) a core wire connecting part 19 to
which the exposed core wire 13 is welded, and a board-like
mounting part 23 which is formed with a through hole 21 in
the thickness direction and to which an electronic device or
the like is electrically connected. The mounting part 23 has
a straight part 24 which has two side surfaces in the
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widthwise direction that are formed parallel to each other,
and a tapered part 25 which has two side surfaces in the
widthwise direction the distance between which gradually
gets smaller towards the distal end. The core wire connect-
ing part 19 includes a welded part 26 on which the core wire
13 is put, and a pair of side walls 27 which raise from the
two ends of the welded part 26 in the widthwise direction.

The ultrasonic welding device includes a horn 29 and a jig
(not shown) which supports the terminal fitting 17. While
the terminal fitting 17 is set on the jig, and the core wire 13
of the electric wire 11 is put on the welded part 26 of the
terminal fitting 17, the ultrasonic welding device presses the
core wire 13 against the terminal fitting 17 and applies
ultrasonic energy to the core wire 13. Specifically, as shown
in FIG. 1, while the core wire 13 is placed between the pair
of side walls 27, the horn 29 is moved in the arrow direction
(downward in FIG. 1), and the core wire 13 is pressed
against the welded part 26 while being ultrasonically
vibrated. Then, since the core wire 13 generates heat by
vibration and melts, as shown in FIG. 2, the core wire 13 is
welded to the core wire connecting part 19 as a unit.

When the horn 29 ultrasonically vibrates in this way,
vibration energy of the horn 29 spreads from the core wire
connecting part 19 (the welded part 26) to the mounting part
23, and the mounting part 23 may resonate. Particularly,
when the vibration spreads to the mounting part 23, stress by
the resonance is easy to concentrate on a point (for example,
a site, near the core wire connecting part 19, of the periphery
of the through hole 21) where the change in cross section
area in a direction perpendicular to the direction the vibra-
tion spreads is remarkable, a crack or a break may occur in
the mounting part 23 when the stress exceeds the breaking
point of the material.

Then, the feature constitution of the mounting part 23 of
the terminal fitting 17 is described.

The terminal fitting 17 is provided with the through hole
21 through which a fastener (not shown) such as a bolt or a
nut of a circular cross section passes. As shown in FIG. 3,
the through hole 21 is formed to have a teardrop-like contour
when viewed from the penetration direction. For example,
the through hole 21 is formed by uniting a large radius circle
31 and a small radius circle 33 whose radiuses are different
from each other, and two tangent lines 35, 37 which respec-
tively connect the circles. The small radius circle 33 means
a circle which has a radius R2 that is smaller than a radius
R1 of the large radius circle 31. The centers of the large
radius circle 31 and the small radius circle 33 are all placed
on the longitudinal central axis X of the mounting part 23.
The small radius circle 33 is placed to be closer to the core
wire connecting part 19 than the large radius circle 31.

In the present embodiment, the small radius circle 33 of
the through hole 21 shall be formed in an area of the straight
part 24 in the axial direction. The radius R1 of the large
radius circle 31 is set to, for example, the same size as the
radius of the through hole 57 of FIG. 6 to match the size of
the fastener.

With reference to FIGS. 4A to 4C, the through hole 21 of
the present embodiment is described in contrast to the
traditional through hole 57 shown in FIG. 6. FIG. 4A is a top
view of the present embodiment. FIG. 4B is a schematic
view which illustrates the shape of the through hole 21 of the
present embodiment as a change of the cross section area of
the mounting part 23 in a direction perpendicular to the
central axis X. FIG. 4C is a schematic view which illustrates
the shape of the traditional through hole 21 shown in FIG.
6 as a change of the cross section area of the mounting part
23 in a direction perpendicular to the central axis X. In
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FIGS. 4B and 4C, the vertical width represents the size of
the cross section area of the mounting part 23. In FIGS. 4B
and 4C, in the axial direction, a change that the vertical
width gets smaller means that the cross section area of the
mounting part 23 decreases, and a change that the vertical
width gets larger means that the cross section area of the
mounting part 23 increases. In the following description,
change rate of the cross section area means the change ratio
of the cross section area of the mounting part 23 along a
direction (a direction from right to left in FIG. 4) in which
the axial vibration spreads.

First, for the circular through hole 57 shown in FIG. 6, as
shown in an enlarged FIG. Z of FIG. 4C, there is an area
where the change rate (decrease rate) of the cross section
area becomes relatively large. In contrast, for the through
hole 21 of the present embodiment, as shown in an enlarged
FIG. Y of FIG. 4B, a contour of the small radius circle 33
whose radius of curvature is smaller than that of the large
radius circle 31 is formed at a position that is closer to the
core wire connecting part 19 than the large radius circle 31.
Therefore, the decrease rate of the cross section area of the
through hole 21 can be smaller than that of the through hole
57. Because the cross section area of the mounting part 23
decreases along the two tangent lines 35, 37 which respec-
tively connect the large radius circle 31 and the small radius
circle 33 in the axial direction, the decrease rate of the cross
section area of the through hole 21 can be kept constant.

According to the present embodiment, it can be prevented
that the cross section area of the mounting part 23 in the
direction perpendicular to the direction in which the vibra-
tion spreads in the mounting part 23 suddenly decreases
along the direction in which the vibration spreads, when the
core wire 13 of the electric wire 11 is ultrasonically welded.
Therefore, a crack or a break of the mounting part 23 can be
prevented because the concentration of the stress by reso-
nance mainly on the part, near the core wire connecting part
19, of the periphery of the through hole 21, that is, the A'
area of FIG. 1, can be alleviated.

Then, a terminal fitting according to another embodiment
of the present invention is described with reference to FIGS.
5A and 5B. The constitution of the terminal fitting of the
present embodiment is roughly the same as the constitution
of the terminal fitting 17 shown in FIG. 1. The constitution
of the terminal fitting of the present embodiment is different
from the constitution of the terminal fitting 17 of FIG. 1 in
that the contour of the through hole is formed by including
the large radius circle and two small radius circle.

The contour, when viewed from the penetration direction,
of a through hole 39 of the present embodiment is formed,
as shown in FIG. 5A, by uniting a large radius circle 31, a
first small radius circle 41 and a second small radius circle
43, two tangent lines 45, 47 which respectively connect the
first small radius circle 41 and the large radius circle 31, and
two tangent lines 49, 51 which respectively connect the
second small radius circle 43 and the large radius circle 31.
Here, the first small radius circle 41 means a circle which has
a radius R3 that is smaller than the radius R1 of the large
radius circle 31, and the second small radius circle 43 means
a circle which has a radius R4 that is smaller than the radius
R1 of the large radius circle 31. The radius R3 may be
different from the radius R4, or may be the same as the
radius R4. The center of the large radius circle 31 and the
centers of the first small radius circle 41 and the second
small radius circle 43 are all placed on the longitudinal
central axis X of the mounting part 23. The first small radius
circle 41 is placed to be closer to the core wire connecting
part 19 than the large radius circle 31, and the second small
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radius circle 43 is placed to be farther from the core wire
connecting part 19 than the large radius circle 31. At least the
part of the large radius circle 31 and the first small radius
circle 41 of the through hole 39 is formed in an axial area of
the straight part 24 in the mounting part 23.

In this embodiment, not only at the position closer to the
core wire connecting part 19 than the large radius circle 31,
a contour of the first small radius circle 41 whose radius of
curvature is smaller than that of the large radius circle 31 is
formed, but also at the position farther from the core wire
connecting part 19 than the large radius circle 31, a contour
of the second small radius circle 43 whose radius of curva-
ture is smaller than that of the large radius circle 31 is
formed. Therefore, as shown in FIG. 5B, the cross section
area of the mounting part 23 of the through hole 39 in the
axial direction can be prevented from suddenly decreasing
and increasing in comparison with the through hole 57 (the
large radius circle 31). Thereby, a crack or a break of the
mounting part 23 can be prevented in a wider range because
the concentration of the stress by resonance on the part, near
the distal end of the mounting part 23, of the periphery of the
through hole 39, besides the part, near the core wire con-
necting part 19, of the periphery of the through hole 39, can
be alleviated.

The present invention is not limited to the above-de-
scribed embodiments, and suitable modifications, improve-
ments and the like can be made. Moreover, the materials,
shapes, dimensions, numbers, installation places, and the
like of the components in the above embodiment are arbi-
trarily set as far as the invention can be attained, and not
particularly restricted.

Although the invention is described in detail with refer-
ence to the specific embodiments, it is apparent that various
modifications and amendments may be made by those
skilled in the art without departing from the spirit and scope
of the invention.

This application is based on the Japanese patent applica-
tion (patent application No. 2012-202924) filed on Sep. 14,
2012, whose content is incorporated herein by reference.

INDUSTRIAL APPLICABILITY

According to the present invention, a crack or a break of
the mounting part can be prevented when the conductor part
of an electric wire is ultrasonically welded to a terminal
fitting.

The present invention that achieves such an effect is
useful in the field of terminal fittings.

The features of the terminal fittings according to the
embodiments of the present invention described above are
briefly, collectively listed in the following [1] to [2], respec-
tively.

[1] A terminal fitting (17) to which the conductor part of
an electric wire (11), which is formed by insulatively coating
a plurality of core wires (13), is electrically connected by
being ultrasonically welded, wherein

the terminal fitting (17) comprises a welded part (26) to
which the conductor part of the electric wire (1) is ultra-
sonically welded, and a board-like mounting part (23) which
is formed integrally with the welded part (26) in an axial
direction and which a through hole (21) penetrates in a
thickness direction, and

a contour, when viewed from the penetration direction, of
the through hole (21) is formed of a large radius circle (31),
a small radius circle (33) whose radius is smaller than that
of' the large radius circle (31), and two tangent lines (35, 37)
which respectively connect the two circles (31, 33), and the
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small radius circle (33) is located closer to the welded part
(26) than the large radius circle (31).

[2] A terminal fitting (17) to which the conductor part of
an electric wire (11), which is formed by insulatively coating
a plurality of core wires (13), is electrically connected by
being ultrasonically welded, wherein

the terminal fitting (17) comprises a welded part (26) to
which the conductor part of the electric wire (11) is ultra-
sonically welded, and a board-like mounting part (23) which
is formed integrally with the welded part (26) in an axial
direction and which a through hole (39) penetrates in a
thickness direction, and

the mounting part (23) has a straight part (24) whose two
side surfaces in a widthwise direction perpendicular to the
axial direction are formed parallel to each other,

a contour, when viewed from the penetration direction, of
the through hole (39) is formed of a large radius circle (31),
a first small radius circle (41) and a second small radius
circle (43) whose radiuses are smaller than that of the large
radius circle (31), two tangent lines (45, 47) which respec-
tively connect the first small radius circle (41) and the large
radius circle (31), and two tangent lines (49, 51) which
respectively connect the second small radius circle (43) and
the large radius circle (31), the first small radius circle (41)
is located closer to the welded part (26) than the large radius
circle (31), the second small radius circle (43) is located
farther from the welded part (26) than the large radius circle
(31), and

the large diameter circle and the first small radius circle
are formed in an area of the straight part in the axial
direction.

DESCRIPTION OF THE NUMBERS

11 electric wire
13 core wire
17 terminal fitting
19 core wire connecting part
21, 39 through hole
23 mounting part
24 straight part
26 welded part
29 horn
31 large radius circle
33 small radius circle
35, 37, 45, 47, 49, 51 tangent line
41 first small radius circle
43 second small radius circle
The invention claimed is:
1. A terminal fitting to which a conductor part of an
electric wire, which is formed by insulatively coating a
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plurality of core wires, is electrically connected by being
ultrasonically welded, wherein:

the terminal fitting comprises:

a welded part to which the conductor part of the electric
wire is ultrasonically welded; and

a board-like mounting part which is formed integrally
with the welded part in an axial direction and
through which a through hole penetrates in a thick-
ness direction,

a contour, when viewed from the penetration direction, of
the through hole is formed of a large radius circle, a
small radius circle whose radius is smaller than that of
the large radius circle, and two tangent lines, which
respectively connect and are tangent to the large radius
circle and the small radius circle, the two tangent lines
forming edges of the through hole and

the small radius circle is located closer to the welded part
than the large radius circle.

2. A terminal fitting to which a conductor part of an
electric wire, which is formed by insulatively coating a
plurality of core wires, is electrically connected by being
ultrasonically welded, wherein:

the terminal fitting comprises:

a welded part to which the conductor part of the electric
wire is ultrasonically welded; and

a board-like mounting part which is formed integrally
with the welded part in an axial direction and
through which a through hole penetrates in a thick-
ness direction;

the mounting part has a straight part, the straight part
having two side surfaces in a widthwise direction
perpendicular to the axial direction, the two side sur-
faces being formed parallel to each other,

a contour, when viewed from the penetration direction, of
the through hole is formed of a large radius circle, a first
small radius circle and a second small radius circle
whose radiuses are smaller than that of the large radius
circle, a first two tangent lines, which respectively
connect the first small radius circle and the large radius
circle, and a second two tangent lines which respec-
tively connect the second small radius circle and the
large radius circle, the first small radius circle being
located closer to the welded part than the large radius
circle, the second small radius circle being located
farther from the welded part than the large radius circle,
and

the large radius circle and the first small radius circle are
formed in an area of the straight part in the axial
direction.



